C olorectal cancer is the second leading cause of cancer death in the United States. In 2008, over 140,000 individuals will be diagnosed with colorectal cancer and almost 50,000 will die from the disease. 1 Colorectal cancer screening via fecal occult blood testing, flexible sigmoidoscopy, or colonoscopy is strongly recommended for average risk adults over 50 years based on its ability to promote earlier identification of cancer and reduce colorectal cancer mortality. [2] [3] [4] [5] [6] [7] [8] [9] Colonoscopy has become favored over fecal occult blood testing as an initial screening modality among physicians, 10 and is increasingly used. 11 However, the evidence for the effectiveness of screening colonoscopy programs to reduce colorectal cancer mortality is limited, 12 and patients continue to report a preference for fecal occult blood testing, 13 with 15% of US adults having been screened via this modality in 2006.
14 As a screening test for colorectal cancer, fecal occult blood testing is only effective when accompanied by a complete diagnostic evaluation of the colon via colonoscopy in the setting of a positive occult blood test. 15 Unfortunately, many patients with a positive fecal occult blood test (FOBT) result do not undergo appropriate follow-up diagnostic evaluation. [16] [17] [18] [19] [20] [21] [22] This failure to "close the loop" represents a significant lapse in care for these high risk patients, as up to 40% of patients with a positive fecal occult blood test result have either early colorectal cancer or a large adenoma identified on follow-up colonoscopy. 9, 23 The reasons for this gap in care for colorectal cancer screening are likely related to a combination of physician, patient, and systems factors. Physicians may not recommend appropriate follow-up testing to patients, 17, 18, 24 patients may refuse further testing, 18 or appropriate systems may not be in place to help clinicians identify abnormal test results and ensure appropriate follow-up. 25 Implementing a program to increase appropriate follow-up testing requires detailed knowledge of the relative importance of all of these factors. However, most prior studies in this area relied on clinician or patient surveys, or small medical chart reviews, which are limited in their ability to simultaneously capture such details. Our organization implemented a quality improvement program in 2006 designed to improve follow-up of positive fecal occult blood tests. This program first involved using electronic medical record data to identify all patients with a positive fecal occult blood test and no subsequent colonoscopy or office visit in the gastroenterology department. Primary care physicians received a report listing their patients meeting these criteria on a quarterly basis, along with a recommendation to refer the patients for either colonoscopy or an office visit with a gastroenterologist. However, this program relied entirely on automated data extracts without knowledge of clinical details, and ultimately the failure to follow-up on positive fecal occult blood tests remained a persistent threat to patient safety.
The goal of this study was to provide a large-scale, detailed assessment of the clinical management of positive fecal occult blood tests to inform the development of future quality improvement programs by 1) identifying the rate of colonoscopy performance following a positive fecal occult blood test among our patient population, and 2) determining underlying reasons for lack of appropriate follow-up.
METHODS

Study Setting
The study was conducted within a large, integrated, multispecialty group practice with approximately 135 primary care physicians caring for 250,000 adult patients across 14 health centers in eastern Massachusetts. All physicians use a common electronic medical record system (Epic Systems, http://www.epicsys.com) that provides a complete representation of clinical care in a near paperless environment, including clinical notes, diagnostic and procedure codes, and laboratory, radiology, and pathology results. In addition, the system allows for computerized ordering of laboratory tests, procedures, and referrals. Six-specimen FOBT kits are processed in the central laboratory and coded test results are stored in the electronic record. Primary care physicians within the medical group are able to directly refer patients for colonoscopy without a prior office consultation with a gastroenterologist via an open-access scheduling system. 26 
Data Collection
All data for this study were obtained from the electronic medical record system, which has been used extensively in prior analyses of quality of care. [27] [28] [29] [30] [31] We used automated data extracts to identify 1041 positive six-specimen FOBTs obtained from 1009 unique patients over 18 years of age between 01/ 01/2004 and 12/31/2006. The study authors (SKR, TS, TDS) performed chart reviews to identify the reason for ordering the FOBT, history of colonoscopy, proposed treatment plans (including endoscopic procedures, gastroenterology consultation prior to colonoscopy, or repeat FOBT), and eventual treatments and clinical findings. We also identified reasons documented by the evaluating physician for follow-up not being pursued or completed, including patient refusal, patient no longer receiving care within the practice group, or competing clinical conditions. Competing clinical conditions were defined as those cited by the evaluating physician as a reason to defer follow-up of the positive FOBT, including 1) new conditions felt to require more urgent evaluation, such as a new lung mass; 2) existing conditions felt to make follow-up colonoscopy unnecessary, as in the case of terminal illness; or 3) existing conditions that increase the risk of performing colonoscopy, such as symptomatic cardiovascular disease. We obtained data on patient age, sex, race, health insurance, and number of positive stool cards using automated data extracts from the electronic medical record system.
Data Analysis
We used descriptive statistics to assess rates of planned and completed interventions. We fit a multivariable logistic regression model with generalized estimating equations to identify significant predictors of performance of follow-up colonoscopy, with independent variables including patient sociodemographic features, number of positive stool cards, presence of prior colonoscopy, and involvement of gastroenterology consultation. This model was adjusted for repeated measures among patients with more than one positive fecal occult blood test during the study period (n = 32). All analyses were conducted using SAS version 9.1. The study was approved by the Human Studies Committees at Harvard Vanguard Medical Associates and Partners Healthcare System.
RESULTS
We identified 36,944 fecal occult blood tests during the threeyear study period, including 1,041 (3%) positive tests. Among patients with a positive FOBT, the majority was between the ages of 50 and 80, white, and insured through the Medicare program or commercial health plans (Table 1) . Routine colorectal cancer screening was the most common indication for FOBT (76%), though evaluation of anemia (13%) and rectal bleeding (7%) were also common indications. In approximately one-third of cases, patients had undergone a colonoscopy prior to the positive FOBT. Colonoscopy was the most commonly planned (73%) action by primary care physicians following the positive FOBT, and was completed among 62% of all cases (Fig. 1) . Gastroenterology consultation was recommended by primary care physicians in approximately one-half (53%) of patients. Among those patients evaluated by a gastroenterologist, the most common recommendations included colonoscopy (76%) and upper endoscopy (23%). Repeat FOBT was planned by primary care physicians in 6% of cases, while no follow-up plan was documented in 9% of cases.
Most planned evaluations were completed, including 86% of planned colonoscopies (Fig. 1) . The majority (87%) of these colonoscopies was completed within 6 months of the positive FOBT, with nearly all (94%) being completed within one year. Patient refusal was the reason for a follow-up colonoscopy not being completed in only 7% of cases. Other reasons for failure to complete a follow-up colonoscopy included the patient no longer receiving care within the group practice (0.2%) and competing clinical conditions (3%). Among patients undergoing follow-up colonoscopy, nearly one-third (29%) had adenomatous polyps identified, and 4% were diagnosed with colorectal cancer (Table 2) In multivariable models, patients older than age 80 years or younger than age 50, as well as those without health insurance were less likely to undergo follow-up colonoscopy; while black patients were more likely to undergo colonoscopy (Table 3) . Clinical factors associated with completion of followup colonoscopy included gastroenterology consultation (odds ratio (OR) 1.99, 95% confidence interval (CI) 1.46-2.72) and performance of fecal occult blood testing for routine screening (OR 1.59, 95% CI 1.11-2.29). In addition, the presence of a colonoscopy within 5 years prior to the positive FOBT test was strongly associated with not completing a follow-up colonoscopy (OR 0.32, 95% CI 0.23-0.44).
DISCUSSION
We evaluated over 1,000 cases of positive FOBT tests during a 3-year period within a large health care system and found that in approximately one-third of cases, patients did not undergo follow-up colonoscopy. Among those patients that did complete colonoscopy, over one-third had an important clinical finding This suggests that quality improvement programs to improve follow-up of positive fecal occult blood tests should include a focus on improving the indications for initial use of these tests, where we identified significant variation as well as strong predictors of performing follow-up colonoscopy.
Our findings are consistent with prior studies documenting the lack of colonoscopy performance following a positive FOBT. [15] [16] [17] [18] [19] [20] [21] We examined a broad set of predictors, including patient and health system factors, as well as those related to the clinical decision-making process. While health systems may implicitly contribute to poor follow-up via the absence of systems to identify abnormal results requiring follow-up, 32 our health system utilizes a system of quarterly feedback reports to physicians identifying patients in need of additional evaluation, lessening the impact of this issue. There have been concerns in the past regarding the capacity of the system to support the demand for colonoscopy, 33 potentially leading to delays in appropriate evaluations. However, our data indicate a very high rate of completing colonoscopy once a procedure was ordered, and most colonoscopies were completed within six months. This finding is consistent with more recent analyses indicating that the US health system can support the demand for colonoscopy in the era of increased use of this procedure. 34 Patient refusal has been commonly offered by physicians as a reason for low rates of follow-up colonoscopy. 35 However, we found only a small minority of cases had a documented refusal of a recommended follow-up colonoscopy. While other studies have found that female patients were somewhat less likely to have follow-up colonoscopy performed, 19 we did not identify this association. Other important patient characteristics did predict lack of appropriate follow-up in our study. Patients under 50 and over 80 years old in our study were less likely to undergo follow-up colonoscopy, potentially reflecting a decreased suspicion for significant disease among younger patients, or concerns about the expected benefits among the elderly. However, this calls into question the appropriateness of the initial test in these scenarios. Clinicians ordering FOBT should consider these characteristics and whether follow-up colonoscopy would be appropriate for a particular patient. Prior studies relying on survey data have found that the physician clinical decision-making process is one of the strongest predictors of performing follow-up colonoscopy, 18, 19 and there is considerable variation in how physicians report dealing with a positive FOBT. 24 Many physicians report a preference to perform follow-up testing that is not recommended by national guidelines, including repeat fecal occult blood testing or flexible sigmoidoscopy, as well as often recommending no further follow-up. Our study provides important insights into physician variability in clinical care using data obtained from routine clinical practice. In our sample of patients, ordering of colonoscopy by the primary care physician resulted in a completed colonoscopy 86% of the time, highlighting the extreme importance of physician recommendation. Similarly, referral to gastroenterology was associated with higher rates of colonoscopy, consistent with prior studies. 20 This latter finding may reflect improved understanding of the importance of colonoscopy by patients after specialist consultation or better understanding of screening guidelines among specialists. The variability in the clinical decision-making process is also evident in the reasons for ordering the FOBT. We found that this test was ordered for a range of non-screening purposes, consistent with a recent study suggesting that many FOBTs are ordered inappropriately. 36 This includes their use in evaluation of anemia or rectal bleeding, which are more appropriately evaluated with direct visualization of the colon, particularly in older adults. 37, 38 Unfortunately, we found that performance of the fecal occult blood test for non-screening purposes was associated with failure to obtain a follow-up colonoscopy, perhaps underscoring the clinical ambiguity surrounding performance of the initial test.
In approximately one-third of cases in our study population, the patient had undergone colonoscopy within five years preceding the positive fecal occult blood test, and the majority of these patients did not undergo repeat colonoscopy. Performance of a FOBT was likely not indicated in these cases as current guidelines do not recommend such interval testing between screening colonoscopies.
14 The unfortunate consequence of FOBT in this scenario is that it creates a situation where the optimal clinical avenue is not well defined, and may pose a risk management issue in the cases where a clinician may appropriately decide that a repeat colonoscopy is not warranted. While our study is strengthened by the large number of patients and availability of complete clinical data, there are important limitations. The study was conducted within a single health system using an advanced electronic health record and disease registry system to notify physicians of positive test results, potentially limiting the generalizability of the findings. Clinical reminder systems directed towards providers have been demonstrated to improve the delivery of effective cancer screening services in a variety of settings. 39 Therefore, the rates of colonoscopy following positive fecal occult blood tests may be higher in our system than in other settings. However, the most important findings related to indications for ordering fecal occult blood tests are likely common to most other primary care practice settings. In addition, our understanding of the clinical scenario was limited to what was documented in the medical record. However, this design allows insights beyond what may be reported in surveys of patients and physicians in this area. Finally, predictors of performing follow-up colonoscopy may vary within particular small subgroups, and further research using larger patient populations will be needed to understand these more nuanced variations in clinical care delivery.
In conclusion, our study identified a persistent gap in appropriate follow-up of positive FOBTs. Clinical factors, including the reason for performing the FOBT and the presence of a recent colonoscopy, strongly affected rates of appropriate follow-up, suggesting that physician clinical decision-making, rather than patient or system factors, plays an important role in the performance of follow-up colonoscopy. Future interventions to improve follow-up of positive FOBTs should focus on physician education regarding the appropriate use of these tests.
